The relationship of capsular types of Staphylococcus aureus to type of infection, carrier state, and phage type was studied in a collection of 477 isolates from 380 infection sites. Capsular polysaccharides were demonstrated by precipitation and agglutination with 11 monospecific antisera. When only one isolate from each infection was considered, 63% were of type 8 and 16% were of type 5. Of all the isolates tested, over 90% were encapsulated. We did not demonstrate any marked difference in the distribution of capsular types between isolates from the blood stream or purulent processes and isolates from healthy carriers or food. Most isolates from bovine mastitis milk had nontypeable capsules. The capsular type seemed stable in culture, and encapsulation had no apparent influence on susceptibility to phages. Of 27 phage-propagating strains maintained via culture transfer on artificial media over many years, 16 (59%) produced capsules. A striking association between certain phage patterns and capsular types was demonstrated.
In a multitude of pathogenic microorganisms the molecular structure of the outermost cell surface has been shown to be of decisive importance for virulence (e.g., Salmonella spp., Haemophilus influienzae, Escherichia coli, Streptococcus pneumoniae, and many others). Surface molecules determine adherence to host tissues and colonization, and through them the organism makes its first contact with cellular and humoral host factors (phagocytes, antibodies, complement, etc). It is therefore surprising that information about the surface layer of such a widespread and important pathogen as Staphylococcus auireus is still confusing and contradictory. In recent reviews teichoic acid and protein A are described as the most important surface structures which interfere with the defense mechanism of the host (1, 13, 24) . It is stated that "a few strains are encapsulated," but encapsulation may be more common among freshly isolated clinical S. aureus (18) . Aly et al. (1) stated that teichoic acid mediates the adherence of S. aureus to the nasal mucosal cells, but the possibility that capsules may interfere with the contact between teichoic acid and the mucosal lining was not mentioned.
Recently, Karakawa and Vann (15) have described a technique for serological typing of S. aureus according to capsular polysaccharides. Preliminary studies indicated that two capsular types are predominant among clinical isolates of varied geographic origin (3) . In this study we present results obtained with a large collection of strains from different sources, both infectious and noninfectious. We show that encapsulation is a common feature of most isolates from all clinical sources and that capsular types and phage patterns of S. aureus are associated to a high degree. Capsular typing of phage-propagating strains maintained on artificial media over 30 years indicates that capsular types are very stable markers. * Corresponding author.
MATERIALS AND METHODS
Bacteria. The prototype strains used for preparation of antisera to capsular polysaccharides of types 1 to 11 are indicated in Table 1 . The nonencapsulated strain 32 used for preparation of teichoic acid antiserum and the nonencapsulated strain 57 used to absorb sera were from the collection at the Department of Biochemistry, The Pennsylvania State University. Strain Wood is a protein A-poor strain from the American Type Culture Collection and was used as a nonencapsulated control in agglutination experiments.
The clinical isolates examined for capsular types are listed in Table 2 . Only coagulase-positive strains were included. The strains were isolated by different hospital and public health laboratories and by the Mastitis Control Department of the Veterinary Institute. They were all phage typed by the Israeli Reference Laboratory for Staphylococcus. The strains were included only if the enclosed information about the case was sufficient. A total of 135 strains were isolated from blood in 66 cases of sepsis. The cases with multiple isolates are detailed in Table 5 . From other staphylococcal infections we examined 198 strains representing 175 infections. In this group, strains obtained from mucosal smears were included only in cases of clear suppurative processes and if no other pathogen was isolated; more than 70% of the samples were from abscesses of soft tissues, whereas isolates obtained from external wounds were excluded as possible contaminants.
Strains from two groups of nose or throat (or both) carriers were included: a group of active hospital staff (medicine, surgery, and gynecology departments) and a group of visitors to a venereal disease outpatient clinic. The latter group was restricted to individuals who had no contact with medical institutions during the last 6 months. A total of 23 strains were isolated from food possibly involved in food poisoning or from food handlers, and 17 strains were isolated from samples of bovine mastitis milk. In addition, we examined the capsular types of 27 strains used for propagat- Table  6 ).
Cultivation of prototype S. aureus strains. Encapsulated S. aureus was grown on Columbia agar (Difco) supplemented with 2% NaCl (CSA medium) for 18 32 (9) . For the capsular polysaccharide of type 8, we also prepared a monoclonal antiserum from a mouse hybridoma. The concentrated serum was negative with all prototypes except 8, which was agglutinated by a dilution of 1:100. Preparation and characterization of this serum will be described separately.
Typing of S. aureus. Bacteria were sent from Israel to the United States on stock culture, agar, transferred to a CSA plate, and suspended in 2 ml of PBS (pH 7.4); the suspension was autoclaved (121°C) for 20 min and centrifuged. The supernatants were tested by immunodiffusion as previously described (15), using absorbed typing antisera. When the extracts were nontypeable, the respective cultures were subjected to an agglutination test. In this procedure, bacteria were suspended in 3% Formalin-PBS and kept at room temperature overnight. Cells were washed once and resuspended in PBS (A550 = 0.6). Suspensions were tested by tube agglutination with absorbed typing sera. Agglutination at a 1:100 dilution was designated positive. Complete agreement between precipitation and agglutination was found, i.e., strains negative in the immunodiffusion assay were also negative in agglutination tests.
Detection of nonencapsulated strains. Strains that were negative to all 11 typing sera were tested by agglutination Electron microscopy. Bacterial suspensions were centrifuged at 6,000 x g for 10 min. The pellets were mixed with 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer (pH 7.2) for 1 h at room temperature.
Thereafter, the cells were postfixed in osmium tetroxide and embedded in Epon 812. Thin sections were cut with an LKB Ultratome III and stained with lead citrate and uranyl acetate. The sections were examined with a JEOL 100-C transmission electron microscope.
For scanning electron microscopy, the fixed cells were allowed to adhere to glass cover slips coated with 1 mg of poly-L-lysine (Bio-Yeda, Israel) per ml for 60 min and were dehydrated sequentially in aqueous solutions of 50, 70, 80, and 100% alcohol, followed by graded absolute alcohol solutions and Freon (50, 75, and 100% propagating strains on CSA enriched with 400 ,ug of CaCl2 2H2O per ml (7) . The addition of calcium chloride had no influence on encapsulation since bacteria from this medium were positive for capsular polysaccharides when checked both by agglutination and by precipitation of lysostaphin extracts (9) . All typing phage suspensions showed similar titers of PFU on this medium as on calcium chloride nutrient agar for phage typing (7). When specific antiserum was added to this CSA-CaCl. medium, plaque formation and capsular polysaccharides could be demonstrated side by side (Fig. 1) . The propagating strains 80 and 52 were grown on this medium, and the cells were suspended in a 1% anti-type 8 serum (monoclonal), incubated at 37°C for 1 h, washed five times with PBS, and fixed with glutaraldehyde for electron microscopy. Propagating strain 80 retained capsule formation on this medium (Fig. 2) , but strain 52 was nonencapsulated (Table 4) . Encapsulation and clumping factor could be demonstrated side by side on CSA cultures (Fig-. 3) .
Phage patterns and capsular types. In Table 6 , the capsular types of the S. aureus isolates are analyzed in relation to their phage patterns. All (10-12, 21) . Almost 50 years ago, it was proposed for the first time that encapsulation might be the hallmark for invading strains of S. ailreius (16) , but capsules were demonstrated in a small proportion only of clinical isolates (23, 28, 31) . To explain this discrepancy, it was postulated that the ability to form capsules is rapidly lost during culture in artificial media (16, 18) . In vivo and in vitro studies have shown the capsules to be antiphagocytic for polymorphonuclear leukocytes and to protect the teichoic acid-mucopeptide complex against antibody and complement (15, 17, 20) .
Bacterial capsules are discrete layers of viscous material that lie external to the rigid cell wall, and encapsulation is most definitively demonstrated on a morphological basis (e.g., by electron microscopy). This is, however, inconvenient in the study of large strain collections, particularly due to the special care that must be paid not to remove capsular material by the repeated washing procedures and to avoid shrinkage during fixation and mordanting owing to the high water content of the capsules. Yoshida et al. (32) nontypeability. Of fresh isolates, 3.8% were reported as encapsulated, but 76.6% of "unencapsulated" strains were stained with fluorescent antisera to capsular polysaccharides in the same way as "encapsulated" strains (32); these strains were claimed to produce particularly thin capsules with "no specific structural feature" (29) or to secrete the capsular substance into the growth medium (32) . These notions were not corroborated by our study. Strain 80 was phage typeable, positive for clumping factor (Fig. 3) , and equipped with capsules of normal ultrastrLucture (Fig. 2) . The capsular substance probably adhered strictly to the cocci since precipitation in antiserum-containing agar occurred only after lysis of the bacteria with lysostaphin (Fig. 1) . It (32) .
The distribution of capsular types among isolates from active infections and from healthy carriers was similar. Hospital carriers may be transient vehicles for virulent strains picked up on the premises; we therefore studied carrier strains isolated from outpatients with no recent contact with medical institutions. The distribution of capsular types among these strains was similar to the distribution in hospital carrier strains; 61% were of type 8, and only 9% were unencapsulated. The proportion of unencapsulated strains was higher among food strains (30%), but types 8 and 5 were prevalent among these strains too.
Our data do not indicate that capsule formation is lost upon subculture on artificial media. The propagating strains for typing phages have been transferred in culture for decades, yet 60% were encapsulated. The carrier strains from outpatients were isolated between 3 months and 13 years before the examination, and the demonstration of capsules was independent of the age of the culture (data not shown). The strains from infectious processes and food were isolated in a large number of hospital and public health laboratories on different routine media, and they were transferred to nutrient agar in the Reference Laboratory and later to slants of stock culture agar for dispatching from Israel to the United States, where they were typed for capsules. The parcels were in transit for days or weeks without appropriate refrigeration. This is emphasized because Yoshida and Ohmoto (30) have recently claimed that the capsular type of S. aiurels may change during storage even when freezedried. The identical results obtained from almost all repeat isolations from pathologic samples indicate that under the conditions used in this study to maintain the cultures, the capsular types did not alter.
Several authors have claimed that encapsulated S. aiir-elus strains are resistant to lysis by phages (27, 31) . The capsule was thought to prevent phage absorption (26) . In pneumococci, encapsulation has been reported to prevent lysis by bacteriophages (6) . We demonstrated lysability of encapsulated strains grown under conditions used for demonstration of capsules, except for the addition of calcium chloride, which is needed for phage adsorption or proliferation (7) . We showed that this addition did not alter the serological reaction with anticapsular sera. Furthermore, bacteria harvested from our routine phage-typing medium (7) reacted with monospecific antisera to types 5 and 8 (data not shown).
In the present study, 60% of the isolates were both encapsulated and susceptible to phages, and 65% of the encapsulated strains were typeable by phages. In addition, a surprising correlation between capsular types and phage patterns was revealed (Table 6 ). Strains susceptible to group 1 phages or to phage 95 were regularly of capsular type 8, and strains lysed by phage 96 had type 5 capsules. These findings were of high statistical significance. We have so far no clue to the genetic or biochemical mechanism(s) involved in this association between the structure of capsular polysaccharide and the susceptibility to certain phages. It may be recalled, though, that bacteriophages may influence the structure of Saltmono'ella 0-antigens (22) and that lysogeny in Streptoocciis pnelutmioniae seems to be restricted to certain capsular types (5) ; it has been proposed that phages influence capsule production of pneumococci (4) . Recently, it has been claimed (19) that 93% of S. aiurelus isolates from bovine (Table 3) . It should be recalled that bovine strains usually are not susceptible to the same phages as are human isolates (8) . However, Anderson (2) has rejected the reports of encapsulation of bovine S. aiu-eits as based on an erroneous technique; on the basis of India ink staining he concluded that the absence of capsules was characteristic for bovine mastitis strains. Of all 280 strains studied, 65% were typeable with phages and 83% were typeable with anticapsular sera. However. due to the prevalence of two types only, capsular typing will probably in most cases not be analytical enough for epidemiological purposes. As an adjunct to phage typing, this technique might be helpful, particularly for strains susceptible to phage group 3 or resistant to phages (Table 5 ).
